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In 1981, the U.S. Geological Survey, in cooperation with the Puyallup Tribe of Indians, began a study of the water resources of the lower Puyallup River valley and adjacent uplands. The results of this investigation are being released as a series of three reports describing the quality of surface and ground waters, streamflow statistics, and the availability of ground water. This report presents streamflow statistics for the Puyallup Indian Reservation.
Purpose and Scope
The purpose of this report is to present streamflow statistics estimated for seven small streams and their tributaries on the Puyallup Indian Reservation and statistics computed for stream-gaging station 12101500 on the Puyallup River at the reservation. The statistics presented are as follows.
1. Lowest mean daily discharges for periods of 1, 3, 7, 14, and 30 consecutive days with average recurrence intervals of 2 and 10 years. All of these statistics were computed for the gaging station on the Puyallup River. Only the 7-, 14-, and 30-day low-flow statistics were estimated for the small streams because 1-and 3-day low-flow statistics for small streams can be sensitive to minor diversions and blockages. 2. Highest mean daily discharges for periods of 1, 3, 7, 15, and 30 consecutive days with average recurrence intervals of 2 and 10 years. 3. Mean monthly and annual discharges. 4. Daily mean discharges equaled or exceeded 10, 25, 50, 75, and 90 percent of the time. These discharges are also referred to as flow-duration values elsewhere in this report. 5. Annual peak discharges with average recurrence intervals of 10, 50, and 100 years.
Streamflow statistics for the Puyallup River were computed from discharge records for stream-gaging station 12101500 (Puyallup River at Puyallup, Washington) , located at river mile 6.6. Streamflow statistics were estimated for 16 sites on seven small streams and their tributaries--Clarks, Clear, Diru, Hylebos, Swan, and Wapato Creeks and Fife Ditch--near where they enter the Puyallup Indian Reservation and near their mouths (see table 1 ). The locations of these sites are shown on plate 1.
Station regression or regional regression techniques were used to estimate most discharges for the small reservation streams. The station regression analyses were based on discharge measurements made approximately once a month for a year at each of the small-stream sites and discharge records for seven long-term gaging stations. The regional regression analyses were based on peak-discharge records for 26 long-term gaging stations in the Puget Sound area.
At the two sites on Swan Creek, peak discharges were computed from records of the peak-stage partial-record gaging station Swan Creek near Tacoma (12102200). All gaging-station streamflow data and basin characteristics used in the regression analyses were retrieved from the National Water Data Storage and Retrieval (WATSTORE) system, and all gaging-station streamflow statistics computed from the streamflow data were obtained using standard WATSTORE statistical computer programs (Hutchinson, 1975, chapter IV, sections F and G; Lepkin and others, 1979, chapter I, section A-C and chapter II, section B) . Computer programs developed by Statistical Analysis System (SAS) Institute, Incorporated, 1 were used for all station and regional regression analyses (SAS Institute, Inc., 1979, part 3, pages 173-178, 237-264, 317-330, and 391-396 ).
x Use of firm name in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
Location and Extent of the Study Area
The study area is the Puyallup Indian Reservation, as established by the Medicine Creek Treaty of 1854 (pi. 1) . The reservation is located in the lower Puyallup River valley, in the southeastern part of the Puget Sound lowland of western Washington State. The streams investigated are all within the Puyallup River drainage basin except for Hylebos and Wapato Creeks, which drain directly into Puget Sound at Commencement Bay. The section of the Puyallup River inside the Puyallup Indian Reservation extends from 0.8 mile upstream to 5.1 miles downstream of the gage at Puyallup. The drainage area of the Puyallup River basin above the gage is 948 square miles. The contributing surface-drainage areas (more simply referred to as drainage areas elsewhere in this report) above the small-stream sites for which streamflow statistics were estimated range from 0.62 to 16.7 square miles.
Topography and Geology
The topography of the Puyallup Indian Reservation ranges from the flat flood plain of the lower Puyallup River to steep hillslopes that border the valley and ascend to the adjacent uplands. The topography of the uplands is characterized as a series of gently rolling hills. The flood plain is generally less than 50 feet above sea level and the adjacent uplands reach maximum altitudes of about 500 feet. The drainage basins of the reservation streams, all of which extend beyond the reservation boundaries, reach maximum altitudes of about 600 feet (pi. 1) .
The floor of the Puyallup River valley is composed of alluvium of the Quaternary age that is underlain by marine sediments and glacial drift (Walters and Kimmel, 1968) . The alluvium is mostly silt, sand, and clay, but contains some gravel. The uplands adjacent to the valley are glacialdrift plains formed during glacial periods of the Pleistocene Epoch.
Land Use
Land use varies widely in the study area. On the Puyallup River valley floor near Commencement Bay (Tacoma tideflats), land use is primarily industrial. Commercial developments are also located in this area, as well as in the cities of Fife, Milton, and Puyallup. Single-family residences and apartments are scattered throughout the valley floor and on the adjacent uplands. Much of the,land on the valley floor south of Interstate Highway 5 is used for agriculture. The steep sides of the Puyallup River valley, the canyons through which many of the small streams flow, and scattered locations in the uplands are forested.
Climate
The climate of the area is moderate because of the proximity of Puget Sound and the Pacific Ocean. Winter temperatures usually remain above freezing, and summer temperatures are seldom above 80 F. Most precipitation occurs as rainfall, and the mean annual precipitation within the study area is about 38 inches. Approximately 75 percent of the precipitation occurs from October through March (U.S. Department of Commerce, 1981 Computed, unless otherwise indicated, on the basis of gaging station 12101500 discharge records for water years 1943 through 1982. Flows during this period affected by regulation at Mud Mountain Dam, a flood-control dam, and Lake Tapps, a reservoir for hydroelectric power operation, both on the White River, a major tributary to the Puyallup River, and at a hydroelectric facility on the Puyallup River near Electron.
Because of the paucity of discharge records for the small streams on the reservation (table 3), most flow statistics for these streams were determined by statistical methods using data from gaging stations on other streams in the Fuget Sound area. All streamflow statistics except for peak discharges were estimated for the small-stream sites using station regression equations that were derived by regressing discharge measurements made at the small-stream sites with respect to daily mean discharges at selected long-term gaging stations. Peak discharges were estimated for most small-stream sites using regional regression equations that were developed using drainage area and mean annual precipitation as independent parameters. Streamflow statistics estimated using the station regression equations were generally within the range of discharges measured at the sites, except for some of the high-flow statistics, which were typically 25 to 75 percent greater than the highest measured discharges. However, peak discharges estimated for the sites using these equations were typically at least three times as great as the maximum discharges measured. The use of the station regression equations to estimate peak discharges at the small-stream sites would require extending the equations well beyond the range of discharges used in their development. Therefore, regional regression equations were developed and used to estimate peak discharges for the sites.
Ninety-five-percent confidence bands were computed for all streamflow statistics estimated for the small-stream sites. The upper and lower limits of these bands are defined as being two standard errors of prediction above and below the estimated discharges, respectively. There is a 95-percent probability that the true values of the estimated discharges lie within these bands. Peak discharges for Swan Creek at the reservation boundary were obtained from a flood-frequency analysis of the 21 annual peak discharges at crest-stage gage 12102200 (Swan Creek near Tacoma), which was located 0.2 mile upstream of the reservation boundary. The peak discharges determined for the Swan Creek gage were also used as the best estimates of the peak flows at the site on Swan Creek near its mouth, because peak discharges estimated by regional regression for that site were less than those determined for the gage.
Peak-discharge data for crest-stage gage 12102800, which was located on S.F. Hylebos Creek and had a drainage area of only 0.27 square mile, could not be used in the determination of peak discharges for either of the two sites on Hylebos Creek, which have drainage areas of 4.77 and 16.7 square miles, because the gage was located too far upstream from them. Historic daily mean discharges for gaging stations 12102000, 12102500, and 12103000 that were operated on Clarks Creek, Wapato Creek, and Hylebos Creek tributary, respectively, were not used in the determination of streamflow statistics for those streams because the periods of record for the gages, which range from 1 to 3 years, were all considered to be too short.
Selection of Gaging Stations
Twenty-six gaging stations, which were selected from all the gages located in the Puget Sound area, were used to develop station and regional regression equations for the small-stream sites (see table 4 and figure 1). These gaging stations were selected on the basis of (1) amount and type of precipitation, (2) mean basin altitude, (3) size of drainage area, (4) amount of runoff per unit drainage area, (5) amount of streamflow diversion, and (6) length of record. Stations that were not selected did not meet the criteria for one or more of these basin characteristics.
Precipitation data were used to establish a western geographical boundary for the selection of gaging-station records. Streams that drain the Olympic Mountains in northwestern Washington generally receive two to three times as much precipitation as do the Puyallup Indian Reservation streams, therefore, gaging-station data for streams west of Hood Canal were not used.
Selection of gaging stations on streams that drain the western slopes of the Cascade Range in central Washington was based on the mean altitude and annual snowfall in the drainage basins. Data for gaging stations located in drainage basins with mean altitudes greater than 2,000 feet or more than 30 inches of snow annually were generally not used, because they were not representative of the study area, which receives nearly all its precipitation as rain.
Gaging stations with drainage areas greater than 70 square miles were not used because streamflow statistics estimated for them probably would not be similar to those for the small reservation stream sites, which have drainage areas that range from 0.62 to 16.7 square miles.
This elimination process left records from 50 gaging stations for potential use in developing the station and regional regression equations. Streamflow statistics for these records were plotted against the respective drainage areas. Those gages at which the streamflow per unit drainage area is considerably different than at the majority of the other gages were not included in the regression analyses. 1945-53 1945-70 1945-53 1947-54, 1958-74 1969-81 1947-71 1947-69, 1977-80 1944-50, 1952-80 1960-80 1945-73 6 1945, 1955-80 1945, 1963-80 1945-64 1963-80 1963-68, 1971-76 1945, 1955-65 1955-76 1945-72 1963-80 1963-72 1946-71 1947-50, 1955-71 1945-70 1946-51, 1952-70 1946-69 Many of the gaging-station records under consideration are described in various United States Geological Survey surface-water supply publications as being affected by some diversions for irrigation. The magnitudes of these diversions are often not known, but the degree to which streamflow at these gages is affected by diversions was estimated from the plots of streamflow statistics against drainage area. Gages with diversions were included in the regression analyses unless streamflow statistics computed for them appeared to be significant outliers on these plots.
The accuracy of streamflow statistics computed from gaging-station data, especially those statistics for infrequent events, increase with the length of record from which they are determined. The U.S. Water Resources Council (1981, p. 2) recommends a standard procedure and a minimum of 10 years of record for flood-frequency analysis. However, no standard procedures or criteria for length of record exist for the other streamflow statistics included in this report. In this investigation the minimum allowable length of record was established by comparing the confidence band widths estimated for mean 7-day high and low flows with their respective lengths of records. This analysis indicated that only those gages with 8 or more years of record should be used.
Station Regression Analyses
Station regression equations were developed by regressing discharges from measurements made once, and occasionally twice, a month at each site with respect to concurrent daily mean discharges at selected long-term gaging stations. Measured discharges obtained during June 1983 through May 1984 at the small-stream sites and concurrent daily mean discharges at the selected gaging stations are given in tables 5 and 6, respectively.
The long-term gaging station used in the station regression analysis for a small-stream site was chosen from the 7 gaging stations among the 26 selected for use in the development of regression equations that were active at the time discharge measurements were made at the small-stream sites (see table 4 and figure 1). The choice was made by correlating the daily mean discharges at each of the seven long-term stations with the measured discharges at the small-stream site. Generally, the gaging station whose daily mean discharges correlated best with the measured discharges at a given small-stream site was selected for use in deriving the station regression equation for that site. However, in some instances a different gaging station was selected objectively, on the basis of the number and distribution of data points. Some gagingstation records contained fewer data points than others because of missing data. Two of the seven long-term gaging stations (12073500 and 12127100) were not used to develop any of the station regression equations.
The regression equations developed for the 16 small-stream sites each have the form:
Q where: Q = discharge, in cubic feet per second, at small-stream site, a and b = coefficients determined by regression analysis, and Q = discharge, in cubic feet per second, at gaging station.
O Tht station regression equation developed for each small-stream site on the reservation is given in table 7. Also included in table 7 are the coefficients of correlation between the measured discharges at each small-stream site and the corresponding daily mean discharges at the long-term gaging station used in the regression analysis for that site. These correlation coefficients range from 0.98 to 0.79 with the exception of one value of 0.58. 
Estimated Streamflow Statistics
Streamflow statistics for a small-stream site were estimated by entering streamflow statistics for the selected long-term gage into the station regression equation for the site. However, because examinations of graphs of discharge data and regression lines indicated that the statistics with low discharges would be significantly overestimated for six of the small-stream sites (12102020, 12102050, 12102100, 12102175, 12102202, and 12102212) , the lower ends of these relations were adjusted graphically to improve the accuracy of the estimated statistics. The streamflow statistics for the five long-term gaging stations used in the station regressions are given in tables 8 through 11, and the statistics estimated for the small-stream sites are given in tables 12 through 15. The coefficient, a, in some of the equations is negative, which produces negative discharges for some streamflow statistics; these discharges were estimated to be zero. 
Confidence Bands of Estimates
The standard errors of prediction used to compute 95-percent confidence band limits for streamflow statistics estimated using station regression equations were obtained from the equation:
where: S Sp = y aR2 + b 2 aT 2 ,
standard error of prediction of streamflow statistic estimated ^ for a small-stream site, in cubic feet per second, a = standard error of prediction of station regression equation used to estimate streamflow statistic, in cubic feet per second, b = slope of station regression equation used to estimate streamflow statistic, and a = time-sampling standard error of streamflow statistic at longterm gaging station used in station regression equation, in cubic feet per second.
Standard errors of prediction of the station regression equations used to estimate streamflow statistics for the small-stream sites were computed with the following equation, which is similar to one obtained from Snedecor and Cochran (1967, p. 155, eq. 6.12 per second, = number of discharge measurements made at small-stream site, = daily mean discharge at long-term gaging station on the day that the nth discharge measurement was made at small-stream site, in cubic feet per second, and = streamflow statistic at gaging station, in cubic feet per second.
The time-sampling standard errors (a ) for most of the streamflow statistics at the five long-term gaging stations were obtained using methods given by Hardison (1971) . Hardison does not give a method for determining the time-sampling standard errors for flow-duration discharges. Consequently, time-sampling standard errors for these discharges were estimated from plots of the discharges estimated for the other streamflow statistics against the time-sampling standard errors.
The importance of the time-sampling standard errors in the determination of confidence band limits was evaluated in terms of the percentage differences between the standard errors of prediction used to determine the confidence band limits and the standard errors of the station regression equations from which the streamflow statistics were estimated. These differences were less than 1 percent for all low-flow streamflow statistics, for most of the October, April through September, and annual-mean statistics, and for most of the 50-, 75-, and 90-percent flow-duration statistics. Percentage differences were less than 5 percent for approximately 80 percent of both the November through March monthly mean statistics and the 10-and 25-percent flow-duration statistics. Approximately 60 percent of the percentage differences for high-flow statistics were less than 10 percent, and only 15 percent were greater than 20 percent. The 95-percent confidence band limits for streamflow statistics estimated using station regression equations are given in tables 12 through 15.
Regional Regression Analyses
Regional regression equations were used to estimate peak discharges for the small-stream sites on the Puyallup Indian Reservation. These equations were obtained by regressing flood-frequency discharges for the 26 long-term gaging stations with respect to the drainage area and mean annual precipitation for each of the gages. The flood-frequency discharges for each of the gaging stations are given in table 16. Drainage area and mean annual precipitation were selected for use as independent parameters in the development of regional regression equations based on the results of a step-forward linear-regression analysis. Other basin characteristics in WATSTORE included in the analysis were percentage of drainage area covered by forests; percentage of drainage area covered by lakes, ponds, and swamps; mean basin elevation; and main channel slope. The analysis determined a coefficient for each independent parameter and computed the probability that the value of that coefficient was not zero. Drainage area and mean annual precipitation were the only parameters used in the development of the regression equations because they were the only ones whose coefficients had a 95-percent or higher probability of having non-zero values. The drainage area and mean annual precipitation for each of the gaging stations used in the analysis are given in table 4.
The regression equations developed for estimating peak discharges at the small-stream sites all have the form:
where: Q = peak discharge, in cubic feet per second, at small-stream site, a,b, and c = coefficients determined by regression analysis, A = contributing surface-drainage area, in square miles, at small-stream site, and P = mean annual precipitation, in inches, at small-stream site.
The equations were developed using linear regression analyses of logtransformed data. This technique minimized percentage errors rather than absolute errors in fitting the regression lines to the data. The regional regression equation thus developed for each flood-frequency statistic is given in table 17. 
where: Q = estimated annual peak discharge, In cubic feet per second, A = contributing surface-drainage area, in square miles, and P = mean annual precipitation, in inches.
Many basin characteristics that may affect streamflow, such as the amount of impervious area, were not included in the regression analyses because data were not available in WATSTORE. However, the omission of this parameter does not invalidate the use of the regression equations for the small reservation streams because the generally moderate degree of urbanization in the reservation drainage basins lies within the range of urbanization (little to moderate) for the basins at the long-term stations used in the regression analyses.
Estimated Peak Discharges
Annual peak discharges with average recurrence intervals of 10, 50, and 100 years were estimated for the small-stream sites by entering the independent parameter values of mean annual precipitation and drainage area determined for that site into the regional regression equations given in table 17. The estimated peak discharges are given in table 18. The mean annual precipitation used at each site was 38 inches, the average of the mean annual precipitation at Puyallup 2 West Experimental Station and at Tacoma City Hall, two long-term precipitation stations (U.S. Department of Commerce, 1981) located near the Puyallup Indian Reservation. The drainage areas for the small-stream sites (pi. 1) are given in table 1. Some of these were obtained from a report by Richardson (1962) , others were determined from topographic maps (U.S. Department of the Interior). Confidence Bands of Estimates
The standard errors of prediction used in the computation of 95-percent confidence band limits for streamflow statistics estimated using regional regression equations are given by the following modified form of an equation obtained from Snedecor and Cochran (1967, p. 392, eq. 13 .5.5): 
n=l where: S = standard error of prediction of peak discharge estimated for a small-stream site, S = root mean square error of regression equation, N = number of gaging-station records used in regression analysis, A = contributing surface-drainage area for the nth gaging-station record, P = mean annual precipitation for the nth gaging-station record, A = contributing surface-drainage area at the stream site for which peak discharge was estimated, and P = mean annual precipitation at the stream site for which peak discharge was estimated.
This equation does not account for the time-sampling errors in the peak discharges at the long-term gaging stations.
Values of the independent parameters used in equation 5, as well as the standard errors of prediction computed from the equation, are in logtransformed units. Therefore, 95-percent confidence band limits for the estimated peak discharges were also computed in log units, which first required transforming the peak discharges to log units, and were then transformed to discharges, in cubic feet per second.
The upper and lower limits of the 95-percent confidence bands for the estimated peak discharges are given in table 18. These confidence bands typically extend from one-third to three times the estimated discharges. The 95-percent confidence band limits for the peak discharges estimated for the two Swan Creek sites, which were obtained from the flood-frequency analysis used to estimate those peak discharges, are also given in table 18.
SUMMARY AND CONCLUSIONS Streamflow statistics were estimated for 16 sites on seven small streams and their tributaries near where they enter the Puyallup Indian Reservation and near their mouths. These streams are Clarks, Clear, Diru, Hylebos, Swan, and Wapato Creeks, and Fife Ditch. Streamflow statistics were computed for the Puyallup River from records for the stream-gaging station at Puyallup, located 0.8 mile downstream from the eastern reservation boundary. The statistics determined were 7-, 14-, and 30-day 2-and 10-year low flows; 1-, 3-, 7-, 15-, and 30-day 2-and 10-year high flows; mean monthly and annual flows; daily mean flows equaled or exceeded 10, 25, 50, 75, and 90 percent of the time; and 10-, 50-, and 100-year annual peak discharges.
For the small-stream sites, station regression relations were used to estimate all Streamflow statistics except for peak discharges, which were estimated using regional regression equations. The upper and lower limits of the 95-percent confidence band were computed for each estimated statistic. The station regression equations were developed by regressing discharges measured about monthly for a year at the sites with respect to concurrent daily mean discharges at long-term gaging stations. The correlation coefficients between these discharges range from 0.98 to 0.79 with the exception of one value of 0.58. The lower ends of some of the regression relations were graphically adjusted to improve the accuracy with which low discharges would be estimated. Streamflow statistics at the long-term stations were entered into the station regression equations or transferred graphically for the adjusted regressions to obtain the corresponding Streamflow statistics at the small-stream sites. The regional regression equations for peak discharges express each statistic as a function of contributing surface-drainage area and mean annual precipitation. These equations were developed using data for 26 gaging stations in the Puget Sound area. The 95-percent confidence bands for the estimated peak discharges typically extend from one-third to three times the estimated discharges.
